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Gene families in malaria parasites that encode hypervariable surface antigens display mutually exclusive
expression that is controlled epigenetically. In this issue, Lopez-Rubio et al. (2009) show that the histone
markH3K9me3 is specifically associatedwith regulationof expressionof thesegene familieswithin repressive
centers located at the nuclear periphery.112 Cell Host & Microbe 5, February 19, 2009 ª2009 Elsevier Inc.unusual in that in other organisms, in-
cluding plants, fission yeast, and several
metazoans, H3K9me3 is a more general
epigenetic mark found in many hetero-
chromatic regions of the genome (Grewal
and Moazed, 2003). It appears that in
P. falciparum, this mark is devoted solely
to the silencing of variant antigen encoded
genes, making it tempting to hypothesize
that this mark might be involved in the
recognition of members of each family
by the pathway that controls mutually
exclusive expression. The authors also
conclude that H3K9me3 modifications
play a role in localizing the chromosomal
loci containing the variant antigen-encod-
ing genes to the nuclear periphery, thereby
linking this epigenetic mark to subnuclear
localization, two previously described
phenomena associated with antigenic
variation in P. falciparum. Activation of
any particular gene would therefore
require the replacement of the H3K9me3
modification with acetylation of the same
lysine, which presumably would in turn
lead to itsmovement out of the perinuclear
repressive centers in which the silent
genes reside (Figure 1).
The work described in this paper
provides an important step forward in our
understanding of how antigenic variation
is regulated in these important para-
sites. Nonetheless, many basic questions
remain unresolved. For example, what
leads to the recognition and inclusion of
individual var promoters within the fam-
ily for coordinated, mutually exclusive
expression? This does not appear to
depend on DNA sequence alone, as there
is evidence from transgenic parasite lines
that in some instances introduced var
promoters are not recognized (Frank
et al., 2006; Dzikowski et al., 2007). What
are the proteins or protein complexes
that ‘‘tether’’ var genes within the nuclearThe most extensively studied family is
called var, a family that encodes PfEMP1,
the protein responsible for cytoadherence
of parasite-infected red blood cells to
the vascular endothelium and the primary
virulence determinant of P. falciparum
infections. Three other gene families,
called rifin, stevor, and Pfmc-2TM, have
also been implicated in antigenic variation,
although they remain less well studied and
the functions of the encoded proteins
remain a mystery. In the case of var, it has
been shown that this gene family is subject
to strict mutually exclusive expression;
thus, exactly one gene is actively ex-
pressed in a given cell while the remainder
of the family is maintained in a transcrip-
tionally silent state (Scherf et al., 1998;
Dzikowski et al., 2006; Voss et al., 2006).
Recent work has implicated many epige-
netic mechanisms as playing a role in
controlling var gene expression, including
histone modifications, chromatin struc-
ture, noncoding RNAs, and subnuclear
localization (reviewed by Scherf et al.,
2008). In addition, a knockout of the
histone modifier SIR2 resulted in strong
effects on var gene silencing (Duraisingh
et al., 2005). However the details regarding
how these various aspects are integrated
into a single, coordinated pathway to
tightly maintain mutually exclusive expres-
sion has not yet been elucidated.
In this issue, Lopez-Rubio and col-
leagues provide a very comprehensive
analysis of the histone modifications that
influence var gene silencing in P. falcipa-
rum (Lopez-Rubio et al., 2009). In partic-
ular, by analyzing the entire genome, they
show that trimethylation of histone H3
lysine 9 (H3K9me3) is a specific epigenetic
mark for silent heterochromatin assembly
at the multicopy loci that encode large
protein families, including var, rifin, stevor,
Pfmc-2TM, PfAcs, and PHIST. This isThecomplex interplaybetween largemeta-
zoan organisms and the microbes they
encounter in the environment has been
a major force influencing the evolution of
both multicellular animals and the prokary-
otic and eukaryotic species with which
they coexist. In some instances, the inter-
actions between the microbe and the host
organism are commensal or symbiotic,
and in fact most mammals could not sur-
vive in a natural environment without the
benefits provided by their native micro-
flora. However, not all microorganisms are
so beneficent to the host organism that
they depend on, and many are overtly
pathogenic—or even lethal. The complex
immune systems of mammals have
evolved as highly effective mechanisms of
defense against the multitude of microor-
ganisms that are continuously attempting
to invade,multiply, colonize, and otherwise
take advantage of the benefits provided
by their multicellular hosts. To survive the
continuous assault of the host’s immune
response, many microbes have evolved
elaborate systems of antigenic variation,
a strategy employed by a broad array of
bacterial, fungal, and protozoan patho-
gens. This strategy enables the invasive
organism to constantly alter the epitopes
displayed to the host’s immune system
over the course of an infection. As a result,
the pathogen avoids immediate recogni-
tion, extending the length of an infection
and thereby increasing the likelihood of
transmission to additional hosts.
The protozoan parasite Plasmodium fal-
ciparum causes the most severe form of
humanmalaria and utilizes antigenic varia-
tion toavoidantibody recognition, resulting
in greatly extended periods of infection.
This process ismediated through switches
in expression between individualmembers
of large, multicopy gene families that
encode hypervariable surface proteins.
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Figure 1. Changes inModifications to Lysine 9 of Histone H3 (H3K9) Are Associated with Activation or Silencing of Variant Antigen-Encoding
Genes in the Malaria Parasite P. falciparum
Nucleosomes are shown as blue spheres, with the ‘‘tail’’ of H3 extending from the top of each. The DNA strand of the chromosome is indicated as a black line
wrapped around each nucleosome. H3K9 is modified either by trimethylation at silent genes (shown as red hexagons, left) or by acetylation at active genes
(shown as green circles, right). The enzyme activities required to make these modifications and to switch a gene from one state to the other are shown in the
center. Histone deacetylases (HDACs, specifically PfSIR2) remove acetyl groups from H3K9, while histone methyl transferases are required for methylation.
The reverse reaction requires histone demethylases and histone actyltransferases (HATs).Cell Host & Microbe 5Freitas-Junior, L.H., Bottius, E., Pirrit, L.A.,
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439, 1004–1008.structure described here plays a role in
recombination? These and other ques-
tions are likely to provide researchers
with many confounding puzzles to
contemplate in the years to come.
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Chem. 281, 9942–9952.periphery—and, further, is this subnuclear
localization a requirement for proper regu-
lation, or is it merely a consequence of
gene silencing? The evidence is building
that H3K9me3 is the primary epigenetic
mark associated with silent variant
antigen-encoding genes; however, this
mark cannot explain many aspects of
variant antigen gene expression. For
instance, var, rifin, stevor, and Pfmc-2TM
genes are all marked by H3K9me3;
however, each family is independently
regulated, suggesting that recognition by
the mechanism that coordinates each
family must rely on something other than
H3K9me3. It is also known that these
gene families undergo recombination at
an accelerated rate compared to the rest
of the genome (Freitas-Junior et al.,
2000). Is it possible that the chromatin, February 19, 2009 ª2009 Elsevier Inc. 113
